Vibrissal follicles on one side of the mouse whiskerpad are topologically connected to barrels in the contralateral somatosensory cortex. Barre's develop from postnatal day 3 to 6. Recently, I have observed that the barrelfields still develop in pieces of parietal cortex that were removed and reimplanted, in the same place and with the original orientation, on the day of birth, or on postnatal days 1 or 3. Now, two questions were asked: (i) Can the barrelfield form and/or remain in place after interrupting thalamocortical connections at different ages (from birth to postnatal day 9)? (ii) How does the cortex behave, in terms of cellular layers, after the interruption of thalamocortical connections?
INTRODUCTION
The barrelfield is a cortical map that can be visualized in Nissl stained sections of the somatosensory neocortex of mice. It is formed by barrels. Each barrel is a multineuronal unit that represents topologically each vibrissal follicle of the animal's contralateral muzzle /13/. Each vibrissal follicle is a highly specialized sensory organ.
In a previous paper/1/I described the consequences for the barrelfield of removing and reimplanting relatively large pieces of the presumptive barrelfield cortex of mice, on the day of birth (PO), on postnatal day (P1), and at P3. It was then found that in a majority of animals a barrelfield still forms. In those experiments the brains were cut tangentially to the surface of the parietal cortex, and the barrelfields were reconstructed by drawing, from consecutive stained sections, the profiles of the barrels. However, with that approach it was not possible to study the lamination of the manipulated pieces of cortex.
The experiments described here were made to answer two questions: (i) Can the barrelfield form and/or remain in place after interrupting the thalamocortical connections at different ages (from birth to P9)? (ii) How does the cortex behave, in terms of cellular layers, after the interruption of the thalamocortical connections?
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Animals
In this study 79 mice from a C3HeB/Fej stock were used. The number of mice operated for each age was: 3 atP0; 11 atP1; 14 at P2; 6 atP3; 13 atP5; 13 atP6;7 at P7; 9 at P8 and 3 at P9.
Techniques of Operation
All mice were anesthetized before the operations began: up to P3 by cooling; after that age with Penthrane (Abbott) vapor. During the operations the mice were fixed onto a small platform and kept anesthetized.
The skin of the head was disinfected with 70% ethanol. A large C-shaped skin incision was made over the dorsolateral aspect of the left hemicranium (all operations were made on this side), and the resulting flap was reclined towards the midline. The skull was then opened with the sharp tip of a number 11 blade (Swann-Morton) and reclined, also towards the midline.
The dura-mater was either torn while reclining the skull flap, or cut immediately afterwards, and also reclined.
A piece of cortex from the presumptive barrelfield region (roughly placed in the middle third of the fronto-occipital axis of the cerebral hemisphere, above the rhinal sulcus), was then removed and reimplanted in the same place, with the original orientation.
Three different types of instruments were used as " Fig. lb) was put against the surface of the cortex (through the lateral incision previously made in the pia), and pushed through it, until the upper side of the knife touched the pia-mater (Fig. b) . Then, the cranial, the caudal and the deep sides of the piece of cortex were cut simultaneously, by moving the "window"
knife towards the midline of the brain (Fig. lb) . When the required amount of cortex was cut, the knife was slowly pulled out until its cutting side came to touch the WK underface of the pia (Fig.lb) (Fig. 3c ).
Only when these drawings were completed, i.e., when all profiles found in neighboring sections had been connected, was it known whether they belonged to a barrel-like structure or not. This blind approach was useful because it reduced the impact of subjective factors during the phase of data acquisition, in 
Cases Analyzed
The brains of 51 surviving mice, out of the 79 used in these experiments, were studied (Table 1 ). In the three cases operated at P1, with the razor blade, the manipulated cortex was not found. In 25 cases, out of the 65 operated at different ages with injection needles, the reimplanted cortex, has been identified. In 4 out of the 11 cases operated with the window knife at P5,P6, and P8, the reimplanted pieces of cortex were found.
Rarely, two small fragments of the reimplanted cortex were found fixed in different places of the edge of the cortical wound. This explains why in some cases the reconstructed "barrelfields" (see cases 5 and 8 in Fig. 2 ) are divided.
In most cases the microspheres that had been deposited between the reimplanted cortex and the remainder of the brain were lost during the preparation of the brains for histology. In the cases in which the manipulated cortex was found, its thickness, as well as that of the adjoining cortex, was less than that of the corresponding parts in the intact cerebral hemisphere (compare Fig. 5a with 5c and 5d). But the overall thickness of the cortex away from the manipulated region was close to normal.
Lamination
The reimplanted pieces of cortex of cases operated at P0 and P1 showed no cellular layers (Fig. 4a) . In case 5 (Table and Fig . 2 ), operated at P2, a rudimentary layering is visible. In two cases operated at P3, the layers show a profile that is irregular and thinner than that of the non-operated side (Figs. 4b and 5c ). In one case operated at P5 the infragranular layers are missing. After P5, cellular lamination is nearly normal (Fig. 4c) , with the exception of case 13, operated at P6, which does not show any layering.
Lamination becomes more evident in cases operated at more advanced ages; however, in some of these cases the molecular layer is missing and layer VI is difficult to identify.
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F. ,,dr& needles, as well as in 3 out of the 11 cases operated with the "window" knife, there were barrel-like structures (see Table 1 ).
In the 17 cases in which barrel-like structures were found, the pieces of reimplanted cortex were reconstructed in 3-dimensions, with the computer, and the "barrelfields" drawn (cases 1-17, eight of which are represented in Fig. 2) .
In Beyond P5 the identification of barrel-like structures is easier to make, and they are usually found in a region of the cortex that apparently corresponds of layer IV (Figs. 4c, 5c and 5d ).
In two cases operated at P6, apparently normal barrels were visible outside the area of the reimplanted cortex.
All the 17 reconstructed pieces of reimplanted cortex contain "barrelfields". The majority of these "barrelfields" occupy an area that is apparently smaller than that occupied by a normal barrelfield, except in case 14. The number of barrel-like structures forming these "barrelfields" is also smaller than the number of barrels forming a normal barrelfield (Fig. 2) .
When comparing a normal barrelfield with a field of barrel-like structures, it is impossible to determine the equivalence between individual barrels and barrel-like structures.
Ventrobasal Nucleus cortices could be detected in the ventrobasal nucleus region of three cases. In only one of these, the manipulated piece of cortex was found, which did not contain any barrel-like structure.
The cases operated at P6 or later show an increased population of small dark cells in this nucleus. Since a specific staining has not been used, the nature of these cells is unknown, although they have features of oligodendrocytes.
Barreloids (i.e., the vibrissal follicle representatives in the ventrobasal nucleus of the thalamus, present themselves as "an array of rod-shaped domains, poor in perikaria, embedded in a lattice of high cell packingdensity" /11/, were found in the ventrobasal nucleus ipsilateral to the operation in two brains operated at P2 and P3, in two operated at P6, and in two operated at P8 and P9. They were always visible on the non-operated side of the brains studied.
DISCUSSION
The experiments described here differ from those described in a previous chapter /1/, in the strain of mice used, in the ages at which operations were made, in the manner of cutting the pieces of parietal neocortex, in their dimensions (now smaller), in the manner of cutting the brains for histology (now coronally cut), and in the manner of reconstructing the barrelfields.
The results of the experiments now presented confirm the previous ones by showing that the reimplanted neocortex is capable of proceeding with its differentiation and/or of maintaining it, at least when the operations are made until Pg, and the observations are made within the range of survival times used. This ability is manifested by the presence of barrel-like structures and "barrelfields" in all cases analyzed. However, in contrast to the previous ones, a homeomorphic representation of the periphery was not obtained. This is attributed to the smallness of the pieces of neocortex now cut.
The operations have produced variable degrees of degeneration in the ipsilateral ventrobasal nucleus and in adjacent thalamic nuclei.
In all cases operated up to P5, in two cases operated at P6, in one case operated at P8, and in two other cases operated at P9, the region of the ventrobasal nucleus is smaller on the side of the operation. In four other brains (three operated at P6, and one operated at P8) this nucleus appears to have about the same dimensions on both sides.
The rhodamine deposited under the reimplanted
Cortical Thickness
The cerebral cortex on the side of the operation was always thinner than that on the intact side.
Each operation in itself constitutes an important aggression to the still developing neocortex, aggression that leads to the necrosis and the elimination of a certain number of cells which would otherwise make part of it.
Wise and Jones /12/, after making lesions in the ventrobasal nucleus of the thalamus of 1-day old rats, also found that the total thickness of the supragranular 20 F. Andres and granular layers was significantly reduced. It is possible that in the cases presented here, the complete interruption of the connections between the thalamus and the neocortex has led to the development of a lesion in the thalamus (manifested by the variable degrees of degeneration found in the ipsilateral ventrobasal nucleus region), which in turn was later expressed at the level of the cortex by the presence of a less thick neopallium.
Lamination
The absence of layers, or the presence of an abnormal pattern of cellular lamination in the small pieces of parietal cortex of the cases operated up to P5, may be explained, at least in part, by the disruption of the pathways of neuroblast migration in the developing neocortex /4,8/, and by the peeling of the pia-mater produced in many cases /10/.
The existence of an apparently normal or quasi-normal lamination in cases operated after P5, suggests that the factors mentioned above may have played a less important role after the critical period of laminar differentiation had passed /9/; probably because most of the cells had already attained their definitive locations in the cerebral cortex. However, the absence of the molecular layer and the difficult identification of layer VI in a few of these cases, can still be attributed to the postoperatory remodelling of the cortex, subsequent to the peeling of the pia-mater, and to the remodelling that certainly follows an undercutting of the cortex passing through layer VI, or very close to it.
Barrel-like Structures
The term "barrel-like structure" is used to describe the cellular arrangements found within the pieces of reimplanted cortex similar to barrels. The morphology of these structures resembles more that of barrels seen in coronal sections of normal brains of adult rats (in which the difference in cell density between the sides and the hollows is not marked), than that of the barrels of mice /9,14/. An In respect to the normal barrels found in the cortex adjacent to the implant, in two cases operated at P6 they most probably existed already at the time of the operations, since the formation of barrels begins earlier than P6. Their finding suggests that in those cases part of the barrelfield was left outside the manipulated piece of cortex (a small injection needle was used in those operations).
"Barrelfields
The barrelfields now obtained are smaller than those obtained in a previous study/1/. This smallness can be attributed to the fact that now, the pieces of manipulated cortex were much smaller than before, and a portion of the territory where barrels were to develop was damaged by the operation and ensuing necrosis. Besides, the smallness of the viable cortex available to the ingrowing thalamic fibers may also have interfered with the development of morphologically normal barrels/7/.
The existence of a particularly large "barrelfield" in case 14 (Fig. 2) There is already evidence that these structures may be functionally linked to the whiskers of the corresponding whiskerpad /12/. Wise and Jones have found that the presence of thalamocortical connections is essential for the formation of barrels.
Ventrobasal Nucleus
In normal cases, the ventrobasal nucleus of the thalamus shows barreloids (the thalamic representatives of contralateral vibrissal follicles in the muzzle). In rat, they become visible between P1 and P4/3/. In mice, the time of their appearance has not yet been determined; however, since the development in mice is a little faster than in rats, it is possible that in the mouse, barreloids, or their primordia, exist already at P0.
The variable degree of degeneration observed in the region of the ventrobasal nucleus of the thalamus and in adjacent regions of operated animals, are probably linked to the extents of the lesions produced in the parietal cortex.
As in normal cases, one would expect to find barreloids in all the 17 cases in whch "barrelfields" were found. However, barreloids were visible only in the six cases mentioned in the results. This discrepancy is difficult to explain. It cannot be attributed to a technical problem, such as a bad angle of cutting the brain sections, because barreloids were always visible (more or less clearly) in the non-operated side of the brains. A possible explanation is that barreloids, or their primordia, existed already at P0 (as suggested above), when the first operations were performed, and that they became disorganized afterwards.
CONCLUSIONS
The removal and reimplantation of small pieces of partial neocortex, made in mice of different ages from birth up to P9, led to the following conclusions: 1) In cases in which the reimplanted cortex was found, its thickness was always smaller than that of the cortex in the intact side.
2) Cellular lamination in the manipulated pieces of cortex is normal or quasi-normal only in cases operated after P5.
3) Barrel-like structures can form and/or be maintained in the small pieces of cortex reimplanted at all ages up to P9.
4) The "barrelfields" now obtained in the pieces of reimplanted cortex are smaller than those obtained in a series of previous experiments. (This difference is attributed to the fact that now the pieces of manipulated cortex were smaller than before.) 5) Since barrels cannot form in the cortex without the presence of the corresponding barreloids in the thalamus /12/, the absence of the latter in most of the cases in which barrel-like structures were found in the cortex, must be attributed to their morphological disorganization after the operations.
